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Background Sub-optimal classification, interpretation and
response to intrapartum electronic fetal monitoring using
cardiotocography are known problems. Training is often
recommended as a solution, but there is lack of clarity about the
effects of training and which type of training works best.
Objectives Systematic review of the effects of training healthcare
professionals in intrapartum cardiotocography (PROSPERO
protocol: CRD42017064525).
Search strategy CENTRAL, Cochrane Library, MEDLINE,
EMBASE, PsycINFO, British Nursing Database, CINAHL, ERIC,
Scopus, Web of Science, ProQuest, grey literature and ongoing
clinical trials were searched.
Selection criteria Primary studies that reported impact of training
healthcare professionals in intrapartum cardiotocography. Title/
abstract, full-text screening and quality assessment were conducted
in duplicate.
Data collection and analysis Data were synthesised both narratively
and using meta-analysis. Risk of bias and overall quality were
assessed with the MixedMethods Appraisal Tool and GRADE.
Main results Sixty-four studies were included. Overall, training
and reporting were heterogeneous, the outcomes evaluated varied
widely and study quality was low. Five randomised controlled
trials reported that training improved knowledge of maternity
professionals compared with no training, but evidence was of low
quality. Evidence for the impact of cardiotocography training on
neonatal and maternal outcomes was limited, showed inconsistent
effects, and was of low overall quality. Evidence for the optimal
content and method of delivery of training was very limited.
Conclusions Given the scale of harm and litigation claims
associated with electronic fetal monitoring, the evidence-base for
training requires improvement. It should address intervention
design, evaluation of clinical outcomes and system-wide contexts
of sub-optimal practice.
Keywords Caesarean, clinical outcome, fetal heartbeat
monitoring, fetal heartrate monitoring, health personnel,
intervention, intrapartum, Kirkpatrick model, mixed methods,
neonatal, observational study, pregnancy.
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Introduction
Preventable harm related to childbirth can be catastrophic
for women, children and families.1 Intrapartum fetal
monitoring is intended to identify fetal compromise and
facilitate appropriate action in response.2 However, subopti-
mal practice, particularly in relation to electronic fetal heart
rate monitoring (EFM) using cardiotocography (CTG) in
labour, is a known problem and remains frequently cited in
successful obstetric malpractice claims.3,4 Training of*Sarah Kelly and Patrick Redmond contributed equally to this paper.
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maternity personnel remains the most frequently recom-
mended intervention to improve EFM.5,6 Despite its ubiq-
uity, it is unclear whether CTG training improves birth
outcomes, and, if so, which form of training is most effec-
tive.7,8
A previous systematic review of studies published
between 1978 and 2009, based on searches of Medline
alone, located only 20 studies.9 Since 2009, many more
studies on CTG training have been published, and formal
methods for review have become better established.10,11 We
aimed to use up-to-date and methodologically robust sys-
tematic review methods to examine the effects of training
in intrapartum CTG and to assess evidence for optimal
methods of training.
Methods
We conducted a systematic review and, in selected papers,
a meta-analysis. We used PRISMA and MOOSE guidelines
to guide reporting.12,13
Eligibility criteria
All primary research studies that examined the impact of
intrapartum CTG training for healthcare professionals were
eligible for inclusion, irrespective of study design (quantita-
tive or qualitative), language, date, length of follow up, or
publication status (conference abstracts were included). Full
eligibility criteria were:
 Population: All studies involving healthcare professionals
receiving intrapartum CTG training.
 Intervention/exposure: All studies examining the impact
of CTG training for healthcare professionals, including
those where CTG training was included as one compo-
nent of a more complex intervention, with no restrictions
on the length of training or the method(s) by which
training was delivered. Studies referring to EFM without
explicitly referencing CTG were included, as the terms
are often used interchangeably.14,15
 Comparators: Eligible comparator groups (where applica-
ble) included no intervention, usual practice, a different
type of training, or different components of training.
 Outcomes: As we anticipated that the studies would
examine a wide range of outcomes, we did not pre-spec-
ify detailed outcomes. We instead described the full range
reported in the included studies.
Information sources and search
strategy
The search strategy, developed with an experienced informa-
tion specialist (IK), included MeSH headings, text words
and synonyms for CTG and training (Appendix S1). We
searched the following databases from inception to the end
of October 2019: Cochrane Central Register of Controlled
Trials (CENTRAL), Cochrane Library, MEDLINE, EMBASE,
PsycINFO, British Nursing Database, CINAHL, ERIC,
Proquest Dissertations and Theses, Scopus, Web of Science.
The MEDLINE search strategy was translated for other data-
bases using appropriate syntax and vocabulary.
Grey literature searches were conducted in Open Grey,
Grey Literature report and NICE Evidence Search. Searches
for registered ongoing trials were conducted in the WHO
International Clinical Trials Registry Platform search portal
and ClinicalTrials.gov. We additionally reviewed reference
lists of all included studies and relevant systematic reviews,
and contacted relevant experts.
Study selection
Title/abstract and full-text screening were conducted inde-
pendently by two reviewers. Differences were resolved by
discussion or with a third reviewer.
Data extraction
Two reviewers independently extracted data, using a prede-
fined data collection template, with disagreements resolved
by discussion. Data extracted included participants, coun-
try, study design, description of the training intervention
and comparator, setting and context, inclusion and exclu-
sion criteria outcomes, outcome measurement, results and
funding. Where necessary, study authors were contacted to
clarify information or seek unpublished results/data.
We tabulated and examined all pre-intervention and
post-intervention results (sample sizes, means, proportions,
95% CI) for each group within each outcome, and differ-
ences between groups, where available.
Assessment of risk of bias
Individual studies
Risk of bias was assessed independently by two reviewers
using the Mixed Methods Appraisal Tool (MMAT),16 a val-
idated tool developed for the appraisal of diverse study
types. MMAT classifies study designs as: (1) qualitative, (2)
quantitative randomised, (3) quantitative non-randomised
(non-randomised intervention studies and observational
cohort studies), (4) quantitative descriptive (e.g. surveys,
case series, incidence or prevalence study) or (5) mixed
methods.
For each study design, the MMAT assesses several
domains of risk of bias criteria, each assessed as low, high
or unclear risk of bias, but does not provide an overall
summary risk of bias estimate across domains. To facilitate
the next stage of GRADE (the Grading of Recommenda-
tions, Assessment, Development and Evaluation17)
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assessment, we devised a summary estimate for each study
based on a global assessment across the MMAT domains.
Each study overall was classified as low, high or unclear
risk of bias.
Across studies
We used GRADE to assess the quality of the overall body
of evidence for each outcome using GRADEPRO software.18
GRADE categorises the overall evidence as high, moderate,
low or very low. The method initially classifies randomised
controlled trials (RCTs) as ‘high quality’, but in some
instances GRADE requires downgrading of evidence if there
is serious risk of bias, imprecision, inconsistency of results,
indirectness or publication bias. Non-randomised interven-
tions and observational studies are initially assessed as ‘low
quality’, which can be upgraded to a higher level for large
effect size or a dose–response relationship.
Data synthesis
Data were organised into three broad groups reflective of
the underlying studies:
1 Comparisons of different methods of intrapartum CTG
training
2 Evaluations of the impact of intrapartum CTG training
alone
3 Evaluations of intrapartum CTG training as one part of
a larger intervention.
The previous review in this area9 used the Kirkpatrick
four-level model of training19 to guide data organisation
and synthesis (Table 1). We used the same approach, clas-
sifying outcomes as relating to: learners’ reactions, learning
as a result of training, behaviours following training, and
clinical outcomes. Ambiguities about classification were
resolved through review team discussion.
We pooled data in a meta-analysis (using Cochrane REV-
MAN 5∙320) where studies reported similar study design,
outcomes, outcome measures and measure of association.
Because of heterogeneity of study populations, interven-
tions and designs, we used a random effects model. Out-
comes were measured in different ways, so standardised
mean difference expressing the size of the intervention
effect relative to the variability for each study,11 or risk
ratios, were used as the summary statistics. Pooled esti-
mates with 95% CI were calculated using generic inverse
variance. Statistical heterogeneity was measured using the
I2 statistic.11,21,22
Protocol and registration
The protocol was registered on PROSPERO
(CRD42018082567). Minor differences from protocol are
described in Appendix S2. There was no patient or public
involvement in this study. No core outcome set was used.
Results
Study selection and characteristics
We identified 64 studies that met our inclusion criteria
(Figure 1) reported across 65 papers (two papers reported
different outcomes from the same study).23–86 One relevant
study protocol was not included because the study is still
ongoing.87 Study designs, as classified by MMAT criteria,
included: 13 RCTs, 40 quantitative non-randomised studies
(from 41 papers) and 11 quantitative descriptive studies.
Two studies reported some textual information using
open-ended questions on questionnaires.52,80 No relevant
qualitative studies were found. Full data tables for all
included studies can be found in Appendix S3.
Settings
Studies were conducted in the USA (n = 27), the UK
(n = 14), Sweden (n = 3), Australia (n = 3), France
(n = 2) and Taiwan (n = 2), with one study each in Portu-
gal, Ireland, Saudi Arabia, Canada, Italy, the Netherlands,
Japan, China, Denmark, India, Spain and Turkey, and one
jointly between Australia and New Zealand.
Twenty-one studies involved delivery of training in
labour or maternity units; 15 in universities, classrooms or
simulation centres; eight in university hospitals; and six in
general hospitals. In 11 studies, it was unclear in what set-
ting the training took place. Three studies reported analyses
of national data sets.
Participants
Twenty-nine studies reported diverse training participants
often collectively referred to as ‘maternity care providers’,
covering various combinations of healthcare professionals
and students. Eleven further studies focused on nurses
alone; three on residents/attendings in obstetrics; three on
medical students; seven on nursing/midwifery students and
three on a mix of medical and nursing students. Three








The extent to which participants acquired new
knowledge or skills as a result of CTG training
Behaviour
(Level 3)
The extent to which learning as a result of CTG
training was applied in the workplace
Results (Level
4)
The assessment of outcomes that could be
attributed to CTG training, such as changes in
patient outcomes or resource use
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studies reported that all organisational staff or all maternity
care staff, including clinical leaders, were involved in train-
ing. In five studies, the staff targets of the intervention were
unclear.45,62,63,71,73
The actual numbers participating in each of the
studies were often not reported or were
unclear.26,41,44,45,49,50,53,60,62–64,69–74,77,78,84 Where participant
numbers were reported, they varied from six51,75 to 443981
individuals.
Overall certainty of evidence across studies:
GRADE assessments
A summary of overall GRADE assessments is provided
in Tables S1 and S2. Full details of GRADE assessments,
including reasons for upgrading or downgrading the
level of evidence, are shown in Appendix S4. The cer-
tainty of the available evidence overall based on GRADE
is low or very low across all categories of training and
outcomes.
16 074 records identified 























Additional records identified from: 
- Trial registries 590 
- Grey literature 6172 
- Other sources 16 
15 909 records after duplicates removed 
15 909 records screened 15 678 records excluded 
231 full-text articles 
assessed for eligibility 
166 full-text articles 
excluded 
- Not CTG 13 
- No training 106 
- No evaluation of 
training outcomes 27 
- Not primary study 2 
- Letter 9 
- Unavailable 6 
- Duplicate 3 
64 studies from 65 articles 
included (4 in meta-
analysis); one study 
ongoing 
Figure 1. PRISMA flow diagram.
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Risk of bias
Summary risk of bias assessments for included studies,
using the MMAT criteria, are shown in Figure 2 (for risk
of bias for individual studies, see Appendix S5). Of the 13
RCTs included in the review, eight were at high risk of
bias,24,25,29,30,32–35 for three it was unclear23,26,27 and two
had low risk of bias.28,31 Inappropriate or insufficient
details of randomisation and blinding were of particular
concern (Figure 2; Appendix S5).
Of the 40 quantitative non-randomised studies, 23 were
at high risk, 8 at unclear risk, and 10 at low risk of bias.
Particular areas of concern were the methods of measure-
ment used, poor reporting of outcomes and lack of adjust-
ment for potential confounders. Of the 11 quantitative
descriptive studies, four had high risk of bias, three were
unclear and four had low risk of bias.
Publication bias
Though 13 RCTs overall were included, they reported
diverse training approaches, outcomes and outcome mea-
surement. Given the heterogeneity, we therefore did not
formally assess publication bias using funnel plots, as they
are not usually recommended for fewer than ten RCTs.11
Some studies (n = 11, Appendix S3) were published as
conference abstracts with no subsequent publication of a
full peer-reviewed paper. This may imply some publication
bias.
Synthesis of results
Content and methods for delivering intrapartum CTG
training
Descriptions of the content of and delivery of CTG training
were generally poor, failing to conform to good reporting
practice.88 It was typically difficult to distinguish different
components (such as training on CTG trace interpretation
versus response to concerning traces) or the relative weight
given to the components. Where content and methods for
training delivery were described, the approaches reported
were diverse, often multi-faceted, including traditional
classroom-based teaching and lectures, online e-learning,
simulation training, and algorithms or multiple compo-
nents (Appendix S6).
Only nine studies specifically compared different meth-
ods of training (Table S1). All reported knowledge out-
comes or interpretation skills as assessed through test
scores (Kirkpatrick level 2).
Of these, five studies compared one method of training
delivery with another (Table S1),34,35,54,85,89 the overall cer-
tainty of evidence was low. One study found that simula-
tion training led to improved skills in EFM interpretation
compared with traditional lecture-based training,85
although risk of bias was unclear. Four compared tradi-
tional methods of teaching (lectures or seminars) with
technology-assisted instruction (e.g. via computers, videos
and mobile phones). Only one of these, a non-randomised
study, found an effect of training: students given an active
learning simulation of EFM on a mobile device had signifi-
cantly better test scores than those who received a reading
assignment, but risk of bias was high.54
Four studies, all RCTs, examined different components
of training programmes (Table S1).30–33 Only one of
these – a comparison of computer-assisted learning alone
with this intervention plus a tutorial – found evidence for
Figure 2. Summary risk of bias plots (MMAT criteria). (A) Summary risk
of bias: quantitative, randomised studies. (B) Summary risk of bias:
quantitative, non-randomised studies. (C) Summary risk of bias:
quantitative, descriptive studies.
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an improvement in EFM knowledge,30 but was assessed as
having a high risk of bias.
It was not possible to determine the impact of different
methods of training on behaviours or neonatal/maternal
outcomes as no study reported them.
Impact of intrapartum CTG training on reactions,
knowledge, behaviours and outcomes
Studies that sought to examine the impact of CTG training,
compared with no training, on participants’ reactions,
knowledge, behaviours and clinical outcomes are described
below in relation to the four Kirkpatrick levels (Table 1).
(1) Learners’ reactions to CTG training (Kirkpatrick level
1). Participants’ reactions to CTG training, including
training in workshops and simulations and technologically-
assisted training, were evaluated in eleven studies (two
RCTs, two non-randomised studies and seven quantitative
descriptive studies),23,30,54,73,76,77,79–81,83,84 mostly using
questionnaires. Although studies reported that participants
and facilitators were positive about training, these findings
must be interpreted with caution. Many studies gave ill-
defined assessments using phrases such as ‘virtually all’ or
‘almost all’ participants, with limited numerical data. We
deemed the certainty of this evidence very low.
(2) Learning as a result of CTG training (Kirkpatrick level
2). Evaluations of the impact of CTG training on partici-
pants’ knowledge and skills involved learners’ scores on
tests, assessments of inter-observer agreement on CTG clas-
sification, and assessments of post-intervention perfor-
mance in simulated scenarios (Table S2).
Five RCTs used test results to compare the impact on
knowledge of CTG training versus no training (Table S2).
Training approaches included computer-assisted teaching
(two trials23,24); lectures or workshops (two trials25,27); or
both.26 All five RCTs reported a significant positive effect
on knowledge following training. Data from four of these
five studies could be pooled and demonstrated an effect in
favour of CTG training (standardised mean difference 0.91,
95% CI 0.47–1.34; I2 80%, P < 0.0001, 487 participants)
(Figure 3). Mean and standard deviation (SD) could not
be extracted from the fifth study.25
One study found a larger effect of training than the
other three studies,27 and appeared to contribute to the
high heterogeneity across the four studies (I2 = 80%). In a
post-hoc sensitivity analysis excluding this study, there was
no heterogeneity (I2 = 0) and a positive effect of training
remained (standardised mean difference 0.67 (95% CI
0.46–0.87, I2 0%, P < 0.00001, 383 participants). A possible
explanation for the heterogeneity is that this study involved
a face to face element of training and the others were com-
puter based. Using GRADE, we deemed the certainty of
these effect estimates to be low (Appendix S4).
Thirteen further non-randomised studies evaluated mean
test scores, or the proportion of correct answers or
improvement in scores (Table S2). Two additional studies
solely reported pass rate scores after training. Across these
15 studies, correct test scores ranged from 47 to 64%
before training and from 66 to 99% after training; overall
improvements ranged from 2 to 44%. This additional evi-
dence generally supports the RCT evidence in suggesting a
positive impact of CTG training on knowledge, but the cer-
tainty using GRADE was also low.
Figure 3. Forest plots: meta-analysis of RCTs that compared training versus no training on test results. Only an overall sample size was reported in
Beckley et al. (2000),23 so we divided the sample size in half; given the number of outcomes reported in Rizk and Hafez (2013),26 we selected one
outcome ‘general knowledge about EFHM’ at 1 month after the intervention to include in the above analysis; for Trepanier et al. (1996),27 we
selected results from the ‘knowledge test’ immediately after the intervention to include in the above analysis (see Appendix S3 for selection reasons).
One further RCT (Devine & Lalor 2006),25 could not be included in the above analysis as the authors only reported median and interquartile data (as
the data were not normally distributed), meaning that the means and standard deviations needed for meta-analysis could not be estimated from
these data. The results from this trial, however, are consistent with the above (i.e. they demonstrated a statistically significant impact of CTG
education on improving test scores measuring knowledge).
1413ª 2021 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd
Intrapartum electronic fetal monitoring training
Three RCTs evaluated healthcare professionals’ ‘perfor-
mance’ after CTG training (Table S2).26,28,29 Though per-
formance was evaluated in different ways in each study,
they all focused on new knowledge or skills, so were classi-
fied as Kirkpatrick level 2. All three studies involved simu-
lation-based training. CTG training was, however, the main
component of only one study;26 it reported an improve-
ment in nurses’ performance score. In the other two stud-
ies, CTG training was only one component of wider
obstetric training, so the specific effect of CTG training
could not be separated.28,29 Overall, evidence for the effect
of CTG training on participants’ performance in simulated
scenarios is of low certainty using GRADE.
Four of the included studies (one non-randomised con-
trolled trial, two pre-post studies and a cross-sectional sur-
vey) considered impact of training on inter-observer
agreement on CTG interpretation (Table S2), addressing
the known problem of variability in classification of
traces.90–93 Where reported, delivery of training involved
short-term classroom and practical sessions,75 audit and
review,44 or online training.50 All four reported that train-
ing improved inter-observer agreement. However, only one
study reported statistical evidence for improvement.50
Using the GRADE approach, we considered the certainty of
this evidence to be very low.
(3) Behaviours following CTG training (Kirkpatrick level
3). Changes in behaviour and application of learning fol-
lowing CTG training were assessed in nine non-randomised
studies (four reported as abstracts only) and one descrip-
tive study (Table S2). Diverse outcomes were examined
across these studies (Table S2). The studies generally suf-
fered from lack of clarity (e.g. insufficient details of changes
from baseline), poor presentation of results (e.g. graphs
with no accompanying numerical data), and the use of
unvalidated outcome measures.
Overall, there was mixed and inconclusive evidence from
these studies. Using GRADE, the overall certainty of these
studies was very low.
(4) Neonatal/maternal and system outcomes following intra-
partum CTG training (Kirkpatrick level 4). Overall, eight
studies examined the impacts of CTG training on key
neonatal and maternal outcomes, including: rates of emer-
gency caesarean section, proportion of babies with low
Apgar (<5; ≤6; <7) at 5 minutes, neonatal deaths, and
hypoxic ischaemic encephalopathy (HIE) (Table S2). Most
analysed data from large-scale cohort studies.
The impact of CTG training on rates of emergency cae-
sarean section was considered in four non-randomised
studies.38,46,67,68 Available evidence was inconsistent
(Table S2): two studies reported lower rates of emergency
caesarean section after CTG training,38,40 but the third
study reported higher rates.46 The fourth study evaluated
the implementation of a standardised national CTG educa-
tion programme comprising an e-learning programme and
1-day course. It reported a higher rate of emergency cae-
sarean sections during implementation of training but no
evidence of an effect 3 months later.67 The overall certainty
of evidence was very low, assessed using GRADE.
Evidence for the impact of intrapartum CTG training on
the proportion of babies with low Apgar scores (<5; ≤6;
<7) at 5 minutes was inconsistent across studies (Table S2).
Two studies reported a consistent effect in favour of train-
ing38,46 and two reported no significant effect of train-
ing.67,68 Again, using GRADE, the evidence was of low
certainty.
Only two studies considered the impact of CTG training
on overall neonatal death rates. Both were non-ran-
domised, assessed as low certainty evidence. Neither study
reported a difference in overall neonatal death rates before
and after training.38,40 One of these reported that hypoxic
intrapartum perinatal deaths and neonatal mortality among
babies admitted to the neonatal unit were lower after train-
ing.38
Rates of HIE were reported in six non-randomised stud-
ies that investigated a variety of CTG training approaches,
ranging from 1 day to longer programmes (Table S2). Two
studies found lower risk of HIE after training,39,46 as did
one further study that reported hypoxic ischaemia-related
neonatal deaths.38 One study found no difference in HIE
rates after an intensive training course,40 and another addi-
tionally reported no effect on rates of moderate/severe
HIE.46 Full data were not available for two studies, as only
abstracts were available.71,74 Overall, this evidence was of
very low certainty in GRADE assessments.
Not all studies were focused solely on evaluation of CTG
training: Nine studies considered CTG training as a com-
ponent of much wider organisational changes and restruc-
turing (Appendix S3).37,49,60,62–64,70,72,86 It was not possible
to specifically assess the impact of CTG training alone in
these studies, and the components and outcomes reported
in these organisational interventions varied markedly
(Appendix S3). We did not identify any studies that evalu-
ated the impact of CTG training on the use of resources.
Discussion
Main findings
This systematic review found that the available evidence on
training in the use of intrapartum EFM with CTG is gener-
ally of poor quality. Weak study designs characterised most
of the 64 studies in this review: only 13 were RCTs; the rest
were non-randomised interventional or observational stud-
ies. There is some mostly low-quality evidence that intra-
partum CTG training may improve participants’
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knowledge. Evidence of the overall impact of CTG training
on clinical outcomes is limited, inconsistent and of low
quality, and robust evidence on the optimal content and
delivery for CTG training is lacking.
Strengths and limitations
A strength of this review is its use of methodologically
robust and up-to-date systematic review methods, includ-
ing comprehensive searches of a wide range of databases
and grey literature, with no restrictions on study type, lan-
guage or publication date. Using the Kirkpatrick model of
training evaluation provided a relevant and flexible frame-
work for the synthesis of complex evidence across partici-
pants’ reactions, learning and behaviours, and clinical
outcomes.19 Limitations of the review include the inability
to fully assess publication bias.
Interpretation
Preventable harm related to childbirth can be catastrophic
for women, children and families. Suboptimal interpreta-
tion of EFM during labour and subsequent failures to act
have been repeatedly identified as the most common con-
tributory factors to poor outcomes in medical negligence
claims.1 Training in CTG interpretation is one of the most
frequently proposed strategies for improving care, even
though, as this review shows, the available studies on CTG
training do not offer convincing evidence of impact beyond
some improvement in participants’ knowledge. Given that,
globally, CTG training consumes many thousands of hours
of clinical time and remains the major strategy for improv-
ing quality and safety of care in relation to EFM, the poor
evidence on how, or even whether, these practices can be
improved is dismaying.
A first step in addressing these challenges should be
commitment to improving the evidence. The available
studies vary widely in the training and detail reported, the
study designs and the outcomes evaluated. No RCT
reported on the impact of training on maternal or fetal
outcomes. No study reported a theory of behaviour change
or evaluation model. The available studies tend to treat
training as a one-off event, sometimes ‘topped-up’ at inter-
vals. Optimal frequency of training, and how competence
and proficiency can best be assessed over time, remains
obscure. The poor quality of the available studies is indica-
tive of the abject status granted to the study of training
and education in healthcare94 more broadly. Well-designed
trials and evaluative studies should be a priority for future
work. They should be theory-guided,95 focused on clinical
outcomes, seek to improve understanding of mechanisms
of change, and employ established guidelines for report-
ing.88 The design challenges of such trials9 might poten-
tially be addressed by simulation-based study designs.96
Improving the quality of new studies will also require
attending to basic issues such as what might be the appro-
priate targets of training. For example, much currently
reported training tends to be limited to features of traces
and how they should be classified according to predefined
criteria, rather than including the context in which the
CTG is being used, including the evolution of CTG fea-
tures, progress in labour and a woman’s individual clinical
history. In particular, small-for-gestational-age infants and
intrapartum features including maternal pyrexia, uterine
activity and meconium independently predict poor neona-
tal outcomes.97 Training in the use of support tools based
on national guidance, an emphasis on human factors, and
how to create environments so that staff feel confident to
escalate their concerns and take action,98 are also important
elements.
The appropriate audiences for training, and whether
training should be focused at the individual level, the
team-level, or the unit level – or all three – needs atten-
tion. Critical to progress in this area is a vision of training
that takes a whole-system approach, targeting inter-profes-
sional teamwork, communication, coordination, and ability
to mobilise.99–102 There is a nascent evidence base for effec-
tive training in maternity care that has established that
training for obstetric emergencies is not always effective.
Currently, the evidence supports local, multi-professional
training, with integrated teamwork/human factors elements
and support tools, for all staff annually103 and CTG train-
ing should be no different. Indemnifier (NHS Resolution &
Victoria Managed Insurance Authority) incentivisation of
CTG training follows this evidence base.
In seeking to develop effective training, it must be
acknowledged that the evidence-base is likely to require
more purposeful engagement with the ongoing debates
and controversies regarding the value and use of
CTG.14,104,105 For instance, one reason why it may be dif-
ficult to demonstrate a positive impact of CTG training
on clinical outcomes is the ongoing challenge in deter-
mining whether the use of EFM itself improves outcomes.
Debates continue about whether the use of CTG truly
predicts cerebral palsy and other adverse birth outcomes,
and whether its overall effects are positive or negative,
given that the rise in caesarean section rates associated
with its use has not been accompanied by decreases in
rates of obstetric brain injury.14 What also remains
unclear is whether these challenges are primarily inherent
to the technology itself or whether they are primarily
implementation and human factor challenges, which could
be addressed, in principle, through better training.
Improving the evidence-base for training could therefore
help in resolving some of the uncertainties regarding the
use of EFM itself.
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Conclusions
Five decades after the introduction of EFM, in a context
where many person-hours are devoted to training each
year, and where the consequences for neonatal and
maternal outcome are so profound, the findings of this
review, suggesting a very poor quality evidence-base for
training, are discomfiting. Although clearly training is
essential to quality assurance, better quality studies are
required to improve its design, delivery, and evaluation.
New research needs not only to deploy better, more
robust study designs, but also to re-imagine what and
who training is for – taking proper account of context
for monitoring and the team-based nature of maternity
care. Until better data are available, CTG training should
be consistent with the evidence base for maternity train-
ing: local, multi-professional with integrated teamworking
and support tools.
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